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Case 21246 EPl 



Alfiehyd^^ E>ehydrogenase.II 



chemical propeirties; ^ 

a) Mojiecular weiglit: IpO 



subbnits having 



mo 



subunits having 



fa) 

c) 
d) 



Sutstrate specif city! active on aljlehyd^ compounds j [ 



Cofactor: pyrro 
Optimum pH: 6. 
or 



J! • 

ll ! 
I > 

): 

.1 > 

ii 



The present invention concerns a ^o ^el enzyr ae, namely aldehyde dehydrogenase 11 
(hereinafter refijrred to as SNDFJ'|l), whjich ijs respcnsible for bo|h of the conversions, 
from L-sorbosone to L-ascolrbic;a<j:id (heire n^fter referred to as vitamin C) at neutral pH, 
and from L-sor Dosone to 2-|ceto;ri|-gulonic apd (hereinafter refeped to as at 
alkaline pH. The present invention also jpioyides a Iprocess for pldducing said enl&yme and 
a process for prpducing vitamin Q and/dr |-KGA directly from aldoses such as l4 
sorbosone utilising said enzvme, j j 



luman 



Vitamin C is one of v« ry imi jortanjt a nd indispensable nutrknt factor for ht 
beings. The mt tabolic path vays to prodn^ e yitamiii C have been iwiddiy studied in various 
organisms. Ho ivever, there is no report kb out puriked enzymes ielating to the dkect 
conversion of L -sorbosone Ifo vitamin C Thjerefore, the en2yme|df the present ii^vention is 
very useful for a novel vitamin C ^roduc ticmi process substitutiv^ ifor the current |>rocess 
such as the Reichstein method (Helvetic^ < Jhimica ^cta 17i311 (i?34)), 

' Mi I I- ■ . 

The present inventioj[)j provMes a pulified SNpH II havingjthe following physico- 



,000 + 



a mblecular 



ecular weight: 150^,000 ± 



a molecular 



optimum pH: aj^oui 9.0 (for ttfe 
Hei/frn, 06.06.2002 



oquinoline 



10,000 Dal (consisting ojf two homologous 
W nght of ^5,000 ± 2>006 Da) or 
15,000 Da I (consisting ophree homologous 
weight of 55>000 ± 2,000 :Da) 



n'^ne (PQQ) 



3 to 8.0 (for thelprodujction of vitaiAin C from L-sorbosone) 



•^rodu ;tion of 2-ketoi-I,-gulonic addj from L- 



41 d JO 
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e) 



IniibitorsrCo^'' 



2 - 



.3+ kiUt- 



2+ 



and monoio^oacetate, 



present inventiidh provjide^ a process for producing SNDH II 



g cultivating a [tiicroorganism belonging to the genu^ 



Another object of the 
described above, comprisin 

Gluconobacter, which is cap ible-o^ prodiiclng SNDH II having the above mentioned 
properties, in an aqueous nutrient medijuri under Aerobic conditions, disrupting the cells 
of the microorjfanism> and isolating an4 P urjifying SNDH II from the cell-free exjtract of 
the disrupted cplls of the microorganism. 



lie 



111 "i ' 

Further object of the present invei[itipri provides a proces^i ^or producing a barboxyli 
acid and/or its lactone fronj its corre^pom iiig aldose, comprising contacting thejaldehyde 
with the purified SNDH II ^vin^ the abo^e mentioned properties, or cell-free extract 



prepared from 



[ ^ microorgajiisni lielong; nj; to the genus Glucono^acter which is capable of 
producing SNDH 11 having the above merltipned pjroperties in t^e presence of ai^ electron 
acceptor. 



In the fol 



Figure 1 ^hows an ana lysis cif the j urified SNjDH 11 by SD^-PAGE (10% 



.polyacr)damide 



properties or it 



SNDH II 



reaction equation: 



L-Sorboii 



-6 'S ii^^M 



owing a brief deiscription c f |he drawing is givenj | 



gel) stained 



with CBB. I|i 1 anie 1 th^ molecular wf ight standards ^re 



can be produced, lecoml inantly or jby chemical sj^nthesis. 



The physico-chemica] 



according to the Examples mentic^ned hsriiriafter ajre as follows;] ; 
1) Enzyme activity 



depicted, lane 2 shows the jJurified SND:H II: (55,OCiO ± 2,000 Da) treated with 2^} SDS. 

The source of the SNDH II. of the present inVention is not critical Thus, SNDH II of 
the present invention can be prod uced, foi exampl^, by isolatiori from a Gluconohacter or 
another organism capable of prpc ucing thfe aldehy<ke dehydroge|iiase having the ^bove 



properties 4f ^he purified sample of|lSNDH 11 preparjed 



of the present invention ca calyzes the oxidation c|f L-sorbosone tc> vitamin 



C and/or 2-KG A. in tibie pres ence of an e] ec trbn acceptor according to the following 



one + Electron acc eptor 



i! 



^ Vitamiri C and/or 2-iGA 



4^: Reduced electron aipceptor 
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The enzyme does not 



junf/9 
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work with osy jen as aiji electron acceptor. This was nffirmed 
by the feilure of the enzyme to convert lj.-sorbosone to vitamin <p| and/or 2-KGAjusing 
oxygen as a poi;sible electron acceptor, Purthermore, no oxygenj consumption wia3 

reaction mii iture g & detects d With a jdissolved ox)^gen probe. In adldition 
electtc n acceptorjs. However, <^ther conventiorial 
in con jujiction w;ith the enzyrrje of this invention, 
,6-dichlc rophenqiihdophenol |pCIP), phenazi|ne 
and cvtc chrome k There is nc| iminimum amojunt of 
present : bir at lea^t some of thi^ kldehyde substijatc to be 
converted to ifc \ corresponding acjid, H<|w syler, the amount of substrate which c^n be 
oxidized depends on the an^ount pf the jpalrticular electron accepllor and its electijon 
accepting characteristics. 



detected in the 
NAD and NADP are not suitable 
electron acceptors can be ui:ilized 
Preferred electi on acceptor* are* 2 
methosuliate (PMS), ferricyaniie 
electron acceptors which mjust be 



The enzyine assay wa? perfqrmed tfbilows: 



a) Assay determining the er zyme! a :tivity iror the conyiersion from L- 



I; 

ye 



15 sorbosone to each prod,uct, vitamin C or 2jKGA 



LSii^ 



3: 



:ture consi;Sted ofjLl) mM PDjiS, 25 mM potassium phosphate buffer 
» 1.0 mM C|aCl2i 50 mjM L-5(^rbosone and(enzyme solution in a final 
water, said [reaction niixturelwas preparedjjust before the aissay, T 
Lurried out at 30°G fpr 60 r ai}iu|tes unjess otherwise^ stated. The amount of 
Ijie iridicatiori for 'eAzyme ac lyity, w^n measured ata wavelength o f 264 nr 



The reaction mixture 
(pH 7.0), LO liM PQQ, 1.0 mUC^Ch. 50 jmM L-s^rbosone andlj enzyme solutioii i 
volume of 100 pi with water, said [reaction niixturelwas preparedjjust before the aissay. The 
reaction was cajr 
vitamin C, as tljie 

by a high performance Hqu^d chrc|matO{;ra phy system (HPLC) t^hich was compdsed of a 
UV detector (TpSOH UV8 300;jTOSOK : C cvi, KyolJashi 3-2-4, Clmo-ku, Tokyo, japan), a 
dualpump (TOjSOH CCPE; TOSOH Co.), ah integjrator (Shimac zu C-R6A5 Shiniadzu Co., 
Kuwahara-cho 1, Nishinokj^o, Cliukyo-^u 4y<^to, japan) and a column (YMC-pjack 
polyamine 11; YMC, Inc, 32 33 Burnt Mill D^ive Wilimington, NC 28403, USA), iThe 
amount of produced 2-KGiii asiajiotheriridicationjfor enzyme afctivity, was mea4uredby 
HPLC as descriped above. One u lit of the eiizymejaf:tivity for e|ch production \yas 
defined as the amount of thfe enzyme whic 1 produces 1 mg of vitamin C and 2-K<jA, 



respectively, in 



30 . b) The phothmetrical dssay 



the reaction mixture. 



of Sl^DHi 11 



The reaction mixture consisted of |0.|L DCIP, 1 .0 mM i>MS, 50 mM potasstum 
phosphate buffsr (pH 7.0), l.O iaJ^I PQQ, 2^-100 m^|I substrate (I|-!sorbosone, D-giucosone, 
D-glucose> etc.] and enzym^ solutjion inja lirial volume of 100 ^iliwith water, said Ireaction 
mixture was prepared just before J;he assayi TThe reaction was stajrted at 25°C with L- 
sorbosone, and^the ens^yme 



actiyi^ was measured the initial r|duction rate of |h)CIP at 

I \\ ■ I 

? I' I 
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600 nm- One 
catalyzing the 
at pH 7.0 was 
except for L-sQrbosone. 



Vinit of the 
deduction of 
token as 14.2 



eijizyme activity wa^i defirjed afi the amc^tmt of the enscyiae 
1 iimc^l DClip ]|>er minute. The extiniption coefficient ;ofDCIP 
mM I A reference cuvette contained all the above cojistituents 



The prptfein concentration was m^a^ured with Protem Assay CBB Solution (Nacalai 
tesque. Inc. Ky ^to> Japan). 



2^ Substrate specificity 



i 
1 

1. 



}iezs3U8].;diD3 
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a) The substrate specificity of the 



10 method as described un4er lb] 



J .1 



enzyme 
above Wii 



activity for I 



mM) was lower than J% 
are presented in Table 1 A 



I 



— J- 
Substrate 



L-Sorboson^ 

j 

D-Gluc6soi^e 
D-Gluc6se ; 
L-Sorbose 

! i; 

D-Sorbi|tol : " 

! 

I " * ' 

D-Xylo^e i 

1 

L- Guloi LO-y-lactone 



5: 



I 



2 i 



vas determined usingjthe same enzyme assay 

i! I > ] 

ith the exception of using 100 mM po j:a$sium * 
phosphate (pH 7.5) or 1(})0 mH Tris-H<tl:(pH 9:0) as buffer, jrhe relative activity of 

lupose (100 mM), andlp-xylose (100 njiM) was 
higher than ^hat for L-so rbosone (2 inlw[):;at both pH 7.5 and f:0. However, tlje relative 

-sorbose (100 mM)» D-sprbitol (lOQ mM), and Lj-gulono-Y-lactone (100 
of th^jt for L-s^rbosone at both pH 7j,3 and 9.0. Thesje results 



I. 



Table lA 

SubstfAte S]e)ecifi<|itkr!'of thj purified ei-i 



I1 1- 



V. 

4-r- 



gyme 



I Relative actiiity (%) 
ik 73 jiH 9.0 



.IHS889 iN 



100 

I 

4|S3 

I 

17169 
<1 

i<i 
sijxa 
<i 



loo 



1591 



1519 



I?' 
It" 

t • 
i^is 



ki 
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b) The 
shown in Tablt 



5 3) Optimum p]i 



15 stable up to at 



5 ) Effects of m atal ions and inhibitors 



The efFeos of metal u ns ^n6. inhiljitor.i on th|e L-sorbosonp dehydrogenase 



of the enzyme were examin<jd by mea^ujir^g the activity using th^isame assay method as 
described undejr lb) above. Eadi 
20 mixture and thfe reaction wis star 



shown in Table 



ti '8 IISK^N 



Substrate 



dpduced products of the ojxi^ation of the substrat^ indicated in Tatile I A are 
IB below. 



L-Sorbosonje 
D-Glucosotjie 
D-Glucose 
D-X)dose 



Tible IB 
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Product 



i^itamin C; 



2-KGA 



o-Ascorbic acid / 2-ljeto-D-gluconate 



Slucona^e 

I i'i 

D-|Cylonic ^cid 

1 



1 : 

77 



used. In both Productions |>if vitamin Cjandi2-KGA, the enzymfi' Reaction was carried out 



least 40°C. 



2. 



rate of SNDH II and^H values of the; reaction 



as described imder la) above] with the 



The corrdation between the reactior 

xxiixture was determined by the. jsame assia^ niethod 

• { 1 1 J 

exception that Various pHs feind buffers \n ^ Concentration of 100 jtnM were usedJ 

' j 1 ^ 

The enzy ne showed relatively high activity for the production of vitamin G at from 
pH 6.5 to 8.0 aijid high activity fbi the pifoduction cjf 2-KGA at apH of about 9,0, 

4) Effect of tex^perature 

The effec : of temperai ure fc r the ^jns yme reaction was tested by the same a^say 
method as desqribed under 



s 1 TT T ' 

la) above, with tjhe exception that various temperatures 

• ■. ! : ! r ( 



were 



activity 



compdu id solution Was stirred into the basal reaction 



;ed with 



L^h iif additjion of the en^yxne- The resultij are 



IK8889 190 



1; 



Table 2 



Effect of inhi 



Coitipoiiixd 



None ! 
EDTA 

Mor oiodqacetate 

CaCl2-2fcO 

CoCjl2*6Hjo 

CUSO4 
.Fe2(S04)3*xH20 

NiS94-6Hio 

TiCli 

ZnCl2 

Mgc;i2 



Each con:|pouncl was Mded 
with the exceptjion that the 



As showr 
The addition of 

6) Molecula] 



10 



The tnok cular weight 
(TSK-gelG300pSWXL; 



15 



in Table 3, 
5 mM 



monpiodokcetat^ si 



weight 



TOSOH 



enzyme showed two^peaks 
100,000 ± 10»0<I0 Da and at]out il$0: 
analysing this qnzyme by S&S 
enzyme consisted of two to 
about 55,000 ±1 2,000 Da as 



enzyme are active. 



to the 



oncentrationii 



of the 
50H 

GOrrea 



po 
three 

showj 



I 



Akaial 



enzyrjie 
Co., 

ipdndii^g 
,000 ± 
yacryliiAide 
lomoljOg 
in Fig 



n 



9l;2l 



^6 



].!8ZS3ue}!(Hii3 



and met ill on thk activity of tile purified enzyike 

1 ii i i i 



Relative ac|ivity 



100.0 



97.9 ; 
98.4 |i 
34.7 j; 

94.7 -• 
60.8 
<1 
73.2 
82.9 
95.9 5; 
64.9 
88.5 



ii 



I 

mjixture at a co|i;ceiitration of 1^0 mM, 
of EDT^t NaNj and ^ionoiodoacetat^ were 5.0 



reacition i 



.3+ 



,|<ri^* and Zn^* inhituiEed-the enzyme 
rqngly inhibited the enzyme activity. 



activity. 



Was taes sured with a size exdusion ge| column 
Jca l-7-i7. Minato-kui [Tokyo, Japan).| The 
:o the apparent molecular weight of about 
15,000 Da on the chr<inaatogiraphy. Oto 

:! I i ' " 

gel electrophoresis, it was shown that the 
ous subiinits each ha^ng a molecular |^reight of 
Both the dimeric aitd trimeric £Drm$ of the 

i! 



did io-im iiA m 



!! 
I 



i i 

I 

I : 

1 
I 



i; 



> ) 

r I 



} I 
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7) Prosthetic 



sample of PQQ (Mitsubishi 
and 348 nm* Furthermore, 
Pro CIS AS-31fi; YMG Co., 



The purified SNDH I 



(0.1 Jjng) 



m 



to remove a precipitate- The resulting s^p srnatant 



group. The abfilorption spedtrum of the extract wasi almost identical with an authentic 



methanol showed the same Jretention time 



5t 



Gas Cheraicjal; 



by HPLC a^alyiiis using a reverse ph?ise column (YMC-Pack 



Ltd] a[t a waye 



These results strongly 



prosthetic grouL 



8) Effect of substrate-concentration 



7- 
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i! 



fxl of 100 mM NaH2P|04-HCl (pH about LO) 



was added by a i equal volume of methaaol and minced well. Thd sample was centrifuged 



Was used for 



inalysis of the prosthetic 



eiigth of!313 nm, the jjctraa of SNDH 
a$ that of the authentijc PQQ. 



Japan), ilts absorban<j:e peaks were found at 251 



suggest that 



11 with 



The detec tion of hem^ c of the pui^ified enzyrie was attemj^ted by the reduc^ed- 
minus-oxidizec difference spectrum takkn a UV-VIS recording specitrophotoipeter 
(Shimadzu UV 2200; ShimcidzulCo.)- T:he en!fcyme|Was suspended in 50 mM potassium 
phosphate buffer (pH 7.0) at a cqjicentritiari of 50 {fig/ml and thk enzyme of dithionite- 



reduced form and amraoniijim pe rsulfat 5-< »x|dized jform were pr||>ared to measure the 
difference spectrum. However> tli|e spectri tm obtained did not slxpw apparent peaks at a 
wavelength of I etween 450 and 650 nm. 



the ^nzyme has PQQ, b^it has no heme c as 



- I 

The velocity of the oxidizing reaction With various concentrations of L-sorbosone 
firom I mM to $ mM was measured to dpt^ripine tl^e Km value f<^r L-sorbosone, iThe 



Michaelis consiiants w^te ca 
respectively, from the Lineweaver 
used as the electron acceptojr for the rea<^bn". 



9) Purification procedure 



The enzyjpie provided by the present 



appropriate microorganism 



1 1 



culatid to be 



and 20.0 mK^ at pHs of 7,5 aijjd 9.0, 
Burk ?l(>t;jbased on the reactic^i) velocity when jDCIP was 



m an 



aqueoU*» 



r 

I ; 



4.7 mM 



The purification of th^ enzyme is <ffffcci|:ed by ^ny combination of known pijirification 
methods, such \s ion exchange column chrofnatogjaphy, hydrot|hcbic column 
chromatograpl][y> salting out and dialysis. 



ii|veiitiajn can be prej ared by cultivatijng an 
niitrient medium unc er aerobic conditions. 
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dehydrogenase 



ftom the eel 



5 I 3 ' 

disrupting the <;ells of the microorganisjtji s nd isolating and purifying the aldehyc|e 



-free i^tractj o 'the disrjupted cells ofithe microorganism. 

' i' \ h 1 \} 
The micn^organisms used f|r the process of the present indention are 

microorganisms belonging :o the genus 0 uconohacter which are) Capable of prodjicing 

aldehyde dehyd rogenase as defined herejinibefore. Subcultures alxd mutants of 



Shiha 2'-chomei 



the present invention 



Minato-ku, 



-IS- 



Gluconohacter c xydam DSIV No. < 025 (FE l^i/L BP-:^812) can alsojbe used in the plresent 
invention. ; ' 1 | ;| I { 

j j; j 

A preferred strain is GJucoHobactef okydans, Jhe strain mqst preferably use!d in the 
present inventipn is Gluconobacter 6ocyd<^m DSM 4025, which wajs, deposited at the 
10 Deutsche Sammlung von Mjikroofganismeii in Gottihgen (Germjany), based on ti[ie 
stipulations of ihe Budapest! trekljy, undier DSM Nci. 4025 on M4^ch 17, 1987. The 
depositor was l*he Oriental Scienijific Initr ll^lents Ijmport and Bscport Corporatidn for 
Institute of Microbiology, Acaderliia Siniai> i52 SanrLi-He Rd., Bjsijing, Peoples Republic of 
China. The ef£|^ctive depositor wgjs said Jnfctitute, of which the fiill address is The' Institute 
15 of Microbiologic, Academy <j>f Sqie^nces of C|;hina, H^idian> Zhon^guancun^i Beijing; lOOOBO, 
People's Repubjiic of China. 

Moreove^, a subculture of|the stra|n n^s also been deposited at the Nationaji Institute 
of Advanced In dustrial Scie Ice ajnd Technology (AIST), Japan, a|so based on the | 
stipulations of 1 he Budapest Treaty, under the depc sit No, Gluco\ipbacter oxydaM DSM 
No. 4025 (FERl^I BP-3S12) bn Mdrch SQ, \9^2. The depositor isjNippon Roche K-K., 6-l> 



Tokyb, Japg^, 



Furthermore, Europein Patpnt Publication No, 0 278 447 djiscloses the 

' ' i I I » 



characteristics 6f this strain; 



25 a) production 6f 2-KGA froin s6rpose> 



b) ethanol is o^didized to acqtic aci 



c) D-glucose is 



OJCidized to p-glu<fonic aci<|l and 2-keto-D-glucoi|iic acid. 



30 5, and pell 



as follows: 



d) ketogenesis M polyalcohols, ' 



e) pellicle and ring groT^thjm majinl[ti;>l bro[th (24 h cultivation) at pH 4 and 



cle growth in g 



51 "S IISKHN ■ I 



d, 



This subculture is alsb most preferably used in 



ucose brj'oth at pH 4.5, \ 



f) glycerol is nqt substantially osctdized tp dihydro3<yacetone, 

g) production of 2-ketc[-D-glucarj[c acid from sorbitol and glucaric acid but 

' . 1 ■ •' 

; j I i ^ 
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not from g 
acid, 



h) poIymoTphi«:> apparently 



: i. I'' i i i 

ucose, fructose, gluc o)xiic acid[> inannitol|or 2-keto-D-^luconic 



i) brown pigment is produced firoloa frmtOi>e, 



91:21 \»4h l|8ZS8UBji(iii)3 



ho flggella> 



j) good growth when cc -cu.ltlured 
a cell extra.ct thereof, 



in the presence of Bacillus megaterium or 



k) streptomycin sensitive 

The microorganism may be cultured in an aqueous mediupi supplemented with 
appropriate nuxients undey aerobic cor ditions. The cultivationj maybe conducted at a 
pH of 4.0 to 9.d> preferably j6.0 to 8,0. The cultivati;on period varies depending oil the pH, 
temperature and nutrient njiediuxn to bd u|e^, and jis preferably ^bout 1 to 5 days'* The 
preferred temp srature range for carrying c ut the cultivation is from about 13^C ^o about 
36^Q preferably from 18°C to 3'3.fC | I |; 

J . *; ii i I; 

It is usua] ly required t!hat the culture medium contains sucjii nutrients as assimilable 
carbon sources for example glycetol, D-fraannitol, p-sorbitoI> ei^hritol, ribitol, jxylitol, 

• • * I I * i 

arabitol, inositol, dulcitol, D~riboke, D-l6ructpsSe, D-fglucose, and^iicrose» preferably D- 
sorbitoL D-ma3initol and gliycerplj; and cjiigsstible nitrogen sourc^^ such as organijc 
substances, for example, pebtprie, yeast px' rdct, baker s yeast, urea> amino acids, and corn 
steep liquor. Various inorg mic.substanbei: may also be used as nitrogen sourcesJfor 
example nitrates and ammcnium salts- purthermoire> the culture medium usually contains 
inorganic salts, for example 
carbonate. 



magn|esium|si]lfate> potassium phosphate and calciu:^ 



An embo liment for tie isplbtion Ind purification of SND^^ II from the 
. microorganism after the cul tivation is briefly descr bed hereinafter: 

25 (1) Cells are harvested from the.li^uid c ilta?ebrot|iby centrifu^ation or fi^^ 

(2) The harvestled cells are Washec. with 
having an appropriate i>H. . 



ATMer, physiological saliije or a buffer solution 



91 ^ IISKHN 



iHim 1:90 



(3) The washec cells are susjpen^led in tt e >uffer so lution and disrupted by meanls of a 
homogenis ;er, sonicato: ' or Pk ench pre ssjor by 1 reatment witjfe^ lysozyme and <he like to 
give a solu ion of disru pted c^Ils . ^ 



did dOriOBSlIA illH 



10 



15 



20 



25 



(4) SNDH II is 



from the sc Juble fractic n of t|ie micjcoorigamsm 



A cell fredj extract can be ob :ained jfircprxi the disrupted cells «fcy any convexxtional 



technique, including but not limited to <?e 



SNDH II provided by 
of vitamin C and/or 2-KGA 



values of about 



isolated and 



purified from 



he cell-j^ee extract ofjdisrupted cells> ]f>feferably 



5.5 to 9,0 fo r both; of vit^m 



-10^ 
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if . 

ii 



ntrifugj 



atlon. 



the pi esent nvehtion ijj uisefui as a drtalyst for the production 
from L-«OTboi one. The reaction car i be conducted at pH 



in C production and i-KGA production in the 



presence of an « electron acceptor, jfor exsjm ?le DCIP, PMS and tH^i like in a solverjt such as 
phosphate buff sr, Tris-buff^r aridj the lilfe. Bpr vitdmin C production, the best rejsults are 
usually achieve i if the pH i| set alj abouii 6.5 to 8,0 and the temperature is set at about 20 to 
40°C. For 2-K<5A productij^n, th^ best ^es iilts ate usually achievfed if the pH is set at about 
9.0 and the tenlperature is sjet at about 20 toiSO^C 

■ 

The concjentration of jL-sortposone in a reaction mixture cajii vary depending upon 
other reaction conditions b it, in general, is ibout 6,5 to 50 g/1, r^bst preferably fifom about 

Itoabout30g/L ;! | j - |! ! 

: j ;i j! j 

In the rea ction, SNDE I II m ly also! b ^ used in an immobilized state vdth an| 
appropriate cairier. Any m sans of immpMlizing eijizymes generally known in th6 art may 
be used. For in stance, the enzymis may he bbund directly to a m^jmbrane> granules or the 
like of a resin having one oi mord fimcti or lal groui>s, or it may bj? bound to the rf sin 
through bridging compounds h^yng or e arjmore cunctional grcjups, for examplp 
glutaraldehydej I 

In additi<|>n to the above, th^ culture J ^ells are also useful iot the production of 
carboxylic acidjs and/or its Uctoii^s fronk tlieir corresponding aWoses, especially for the 
production of i-KGA and/or vita|nin Cjfr oiii L-soibosone. Thej^irodudion of ottier 
carboxylic acidjj and/or its Ikcton^s fronji t leir corresponding aldoses is carried oiat under 



to 2-KGA and/j3r vitamin C 
The following Examp 



the same condijtions> including SLubstrat^ c Ducentration, as the conversion of L-s6rbosone 



as described above. 



,es fill 



ther illu^itrate thejpresent invention. 



illi 



1 J 



I 
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Example 



5 (1) Cultivation 



was inoculated 



1 



All the ojjerations weife peripr 
phosphate (pH 



7-0) unless <!)ther^ 



mec a : 
ise states, 



Preparitibii of SNDH II 

8^C, and the buffer v(as 0,05 M potassium 



into 50 ml of a Seeid cultiire 



of Glucondbzctet oxydan ^ DSM N0J4025 (FERM5bP-3812) 



Gluconohacter oxydam DSWi Nol 4025 |(FERIv|[ BP-3812) Wjis grown on an ^gar plate 
containing 5.0% D-mannit^l, 0.2^% M^S()4l"7H20- 1.75% corn $teep liquor, 5.0^^ baker's 
yeast, 0.5% urei, 0.5% Cacbj and 2.0%| a{ [a^: at 27^C for 4 days. ■! One loopful of jhe cells 

median^ containing 3% L-sorbose, 0.^% yeast 



10 extract, 0.05% glycerol, 0.25% ]VIgS04*7H20, 1.75% corn steep liquor, 0,5% urea| and 1,5% 
CaCOa in a 50o| ml Erlenme jrer flalsk, ani^ c ultivate4 at 30°C with; 180 rpm for one day on a 
rotary shaker. jUie seed cull :ure ttjus pr^^a r^d Was jised for inoculating 2 liters of medium, 
which containejd 8.0% L-so]bosk,|0,05%; g^y^erol, o!25% MgS04^7H20, 3,0% corn steep 
liquor, 0.4% ye^st extract and 0.1^% an|[f(>am, in a 3-1 jar fermejiitor. The fermeMation 



insoluble materials derived 



ingredients for the medium. The jsupernatknt was then centrifii^ed at 8,000 rpmi(10,000.x 
g) to obtain the cell pellet. As a re!sult, g of thejwet weight o^ cells cf Glucandbacter 
oxydans DSM 'hlo. 4025 (FE IM B]>-38121) W€^s obtained from 6 lifers of the broth] 

j. ' 

(2) Preparatioj^ of cytosol firactibn 



35 the next purification step. 



ume of 



parameters weite 800 rpm fcr th^ ^gitati(|in s^eed arid 0.5 wm (vi^^iume of air / vol 
medium / minute) for aeration at a temfce^ature of 30*^C. The pjl was maintained at 7.0 
with sodium h>rdroxide during th^ fermen :ation. After 48 hoursjof cultivation, 6| liters of 
the cultivated broth containing th^e cells o^iGluconopacter oxydan$ DSM No. 4025i(FERM 
BP-38 12) by us^ng the thred sets o f ferm an tors wenjj harvested b)| continuous i 
centrifugation - The pellets |:ontaiaing t^e cells werfe recovered apid suspended injan 
appropriate voljume of salinjp. Aftsr the ^Uiipensionjwas centri£u|ed at 2,500 rpm!(l,000 x 
g), the supernatant containing th^ slightly refidish cfells was recovered to remove the 



roni <torn sthcb liquor 4nd yeast extriact which were 



A portior (19.2 g) of the eel i pastejwi^s! suspended with lOQ, ml of the buffeij and 
passed through a French pnissure cell pres; i. 'After centrifugatiorj to remove intaqt cells, the 
supernatant was designated as the cell-fi^ee extract, ^nd the cell-^ee extract was c^ntrifuged 
at 100,000 xj' for 60 minutes. Th| resul:ar it Supernatant (112 mi);w^^ 
soluble fraction of Gluconobacter ^xydatis hsM No J 4025 (FERM BP-3812). Aftei: this 

; 1 i, j ^\ 1 

fraction was didlyzed against the buffer, 1 IQ jnl of tjie dialyzed fr|i|ction having thie specific 
activity for producing vitan in C fjrom Lj-s^rboson^ of 0,172 unitWg protein were used for 
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a linear gradient elutionlw 



activ% was dxited at 0.36 M NaCI. the active fracticlns (97.5 



thNaCl 



5 proteins. Then 

carried, out. M ijor enzyme 
ml) were collected. 

(4) DEAE-sephjatose columjti chromatog;rabhy 

A portioii (97 ml) of tbe dialyzed active fracti^on from the i^ipevious step wa^ put on a 
10 column of DE/E-sepharose GL-^ejB (Ph^rmxapja, 3.C» by 25 cm) e{|\iilibrated with the buffer. 
After the column was washed with t 

NaCl from 0,3 to 0,45 M wajs added to the buffer. ^Tie active fractions were elutejl at NaCi 
concentrations ranging frorla 0.44!to 0-4^ M.-The active fractions' (40 ml) were collected 



buffer. The dialyzed sample 
by 25 cm) equilibrated with 



and dialyzed ag^^st the buffer. 
(5) Q-sepharose column ch|rom^tbgraphy|(If' step)| 



9l:2l 



1 * i 

r i 



-=12 



(3) Diethylamiioethyl (DEi^E)-c«llulos| column chromatography 

i ! i- ! 

! I L I 

The diaiysate (112 ml) was put on|a column of DEAE-cdWiose (Whatman ;DE-52, 3 
X 50 cmj Whatman BioSystcms Lt!d.> Spijin ;field Ml H, James Whatman Way, Majidstone, 
Kent, U,K.) equilibrated wiih the jbufferjar d Washed w:ith the bu|fer to elute min<!>r 



from 0,28 to .b.58 M in the buffer was 



0,46 M, 

(6) Q-sepharos3 column ch romatpgrapliy [2f^^ stepi 

i 



(7) Hydrophobic column chroma tograpjhy i 



The active fraction frc m the 



(Centriprep-lO) to desalt aild cdnbentrajte, 
concentrated sample (780 |i 
containing 3 M ammonium 



I 'S IISKHN 



The dialyzed active fniction|(40 m\) wsis put qn a column cif Q-sepharose j 
(Pharmacia, l.f by 25 cm) equilibjcated withithe bu^er. After th^ .column was wajshed with 
the buffer containing 0.3 M NaGlj a linejir gradientjof NaCl frorrij 0-3 to 0,5 M wajs added to 
the buffer. The active fractiDns w^re elujted at NaCl concentratio^ns ranging from; 0,44 to 



The pool<id active fractions [17 mlj) from the previous stepjwere dialyzed against the 

(17ml) waij p it on a cblumn of Q-vSepharose (Pharrixacia, 1.5 

thebijiffer. After the umn was washed with the bJffer 

containing 0.33 M NaCl, a linear Gradient of NaCl from 0.33 to Q:48 M was added to the 

• T * ' ■! • " L 

buffer. The active fractions wereeluted fit N^Cl co][icentrations ranging from 0.45 to 0.48 



(15,000 X g) of 1[he sample, the Supernat^nij was pat 



previ<j)u| step wajs filtrated by ultraffltrator 
A portipn (750 ^1) of the desalted an<i 
) wasjaddedj tcj the equ^l volume (75iG! |id) of the buffer 
sulme (the pr|al; concentration: 1.5 After centri|ugation 



■\mm 



on a hydrophobic column RESOURCE 



<nd JO 
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i! 
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i 



1 . 



: \ 



\ ; 
} t 



10 



ISO (Pharmacia, bed volume: 1:0 



Step 



]i i 



n 13 

i! 



ml) ec u|lili>rated With the buffer containing 1*5 M 
washed with the buffer containing 1,5 M 



fate. After tie column was 

fate, the projteins ^ere elut jct with the buffer con):aining a Unear gradient of 
fate from LS.to O.p M. |Tiie: activities corresponlding to SNDH li were 



ammoamm m 
ammonium &u. 
ammonium sul 

eluted af ammonium sulfate cohi:entrat|o4)Ls'!ranging from 1,04 1^' 1,00 M» The active 
jfractions were iialyzed agaijnst ^hs buffer n^ng diajiysis cups (Dialysis-cup MWdO 8000, 

- 5j,Chuo-!ku, Tokyo, Jafjan). Afterward] the 

jEractions were gathered andi istorid at -23' 
A summary of the puf ificatjon stebs 



Purificatic n of the a]|dehyde deh^^ drogen 



Soluble fractioJH 



DEAE-Celluloae DE52 



DEA£-Sephar< 
Q-Sepharose ( 
Q-Sepharose (:f' 
RESOURCE-.1SO 



CL-6B 
step) 
"^stcp) 



of the enzyme is. given in Table 3. 
fable 3 



Ij>SM l^o. 4625'yFERM BP-3812j 



To^al actiyitj^ 



(8) Purity of the isolated enzyme 



The puriiied enzyme 



(0.0$9 



protein for vitamin C prod ictipri and a sdecifie^crivity of 12.3 i^its per mg pro :ein for 2- 



KGA production was used for the following analysis: 
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151.4' 



173.0 



45.017 



23.65 



13.710 

! 
i 

4.84 



ase from GlUconobacter o'^vdans 



Tiotal protein 
(mg) 



879.3 



i 37.73 I 
10.63 i 

1.462 i 

I 

0.527 j 

S 

0.099 ? 



Specific activity 
(units*/mg protein) 



0,172 I 

I 

4.584 1 
4.242 
16.17 



I 



26.03 



48.90 



One unitr of the enz-j^me w^s defined as the s^mount of en^^rae which pro4uce$ 1 mg 
15 ofvitamin C per hour in the reaction nature described in la), j: | 



mg/n>l) Kvith a specific activit)^ of 48.9 units peir mg 



did dO 

■i 



i 
i 
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The molecular weight of th^ nativ*? e li&yme Was estimated %y high performance 
liquid chromatography usir g a ^iie exclusi on gel column (TSK gfel G3000 SWXL icolumn, 
7.8 X 300 mm) equilibrated jwithi q.l M pjotassium phosphate bui^er (pH 7.0) containing 
0.3 M NaCi at 280 nm and flow irate oi IB ml periminute, Cyajiocobalamin (1 .35 kDa), 
myoglobin (17 kDa), ovalbumin ^44 kD^)jyjglobulin (158 kDa)|and thyroglobuljin (670 



kDa) were usedj as molecular weigjht staiidards. The purified enzyme showed twO peaks 

- L , Q^QQQ 150,00Q 15,000 Da. i 



having the moL ocular weigh : of 1.(^0,000 jt 



Accordink to sodium dodecjjrl sulf^t^ pp]lyacr;|rlamide gel electrophoresis (SPS- 
PAGE), the enzjrme showed a subjanit w|tli jt!molec|ular weight o^^ 55,000 ± 2,000 pa. 
10 Therefore, the ])urified enzT^me was estimated to consist of two or three homologpus 
subunits. ' I « 3 i 



(9) Identification of the reaction product 



The reactjion mixture jcontaining 



;tjie 



20 C18, YMQ Inc 



Effect of pH o m the produ<;tion cf vitaiaii i C or 2-1kGA from L-j^orbosone by thp enzyme 



The effec 



; of pH for the enzyme readtibn was 



containing the purified enz^naie (^73 ng|, ].-sorbosbne (50 mM)>;PMS (1 mM)> CaCl2 ( 



25 mM)andPQQ 



The reactioii pijoducts were 



"8 iisniN 



) on a HPLG system 



(llxM.) in 130 Ml of the liu; 



gmalyjsed by 



14- 



91 = 21 !"H'"9 \\9iS3n^m 



I' 

i ■ 



J! 



f 1 



piurlfied; enzyme (0.39 jiig), L-sorbosoAe (50 



mM), PMS (1 rciM), CaCh (1 mU) and jPCjQ (1 jiM) in 100 \}X ofthe buffer was incubated 
for 1 hour at 3C ^C, The rea :;tion |)roduets were analyzed on thin? layer chromatography 
(SiKca gel 60F^n MERCK, 64271 jDarmialt; Germany) and HP]j.C, Two kinds of 
products, vitan^in C and l-lfGA, ^ere obt|i^ed frolm the enzym^jreaction. For vjitamin C, 
the sample was 
HPLC system. ^For 



assayed by an aniiio-col|ur in (YMG-Pack Polyailiine-II, YMC, Ixlc.) on a 
the sahiple was assayed; by a C-18 column (YMC-Pack Pro 



lExaitiple 2 



tested. The risaction mixture 



fer (lOOimM) was inciibated for 1 hour at SO'^C. 



HPLC. The result is shdwn in Table 4. 



i 
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1 : 

!■ 

I ; 

n 

; 

I : 
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j 
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! ■ 
1 



I 
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Effect of pH o: a 



Buffer 



I 



15 



Table 4 



the produ<jticri cif vitariiin Q or l-KGA from L-lbrbo.«Srtne by th^ enzvme 



Citrate-NaO;l 
Citrate-NaO:^ 
Citrate-NaOia 
Potassium phosphate 
Potassium pnosphate 
Potassium pliosphate 
Potassium pl^osphate 
Tris-HCl 
Tris-HCl 
Tris-HQ 



450 
5|50 
6,50 



6\76 



7, 



15 



\755 
7,97 
.7,86 
8f34 
'8.83 



: 91 = 21 !un|;9 n^zsauBijiiiia 



ilVitamjin C produce^L 
1 (mg/l) 



Effect of tejmperaturc^ on!th« prpau.ction jof vitamin 

«o]:bo$one b;y the enzyme 



The effec 



of temperature on the ejxzyriie activity was testeoL; The reaction j^nixture 
containing the purified enzfme {^ 90 ng), I.-?iorbos^ne (50 miNi)iii>MS (1 mM), GaCli (1 
10 mM) and PQQ (1 (iM) in ibo |xi of 25 tj^Ts/. ^otassi^jiin phosphat4 buffer (pH 7,0)1 was 
incubated for 1 hour at varijous te nfiperajtu: -es (20-60°C). The reaction products ^exe 
analyzed by HPLC, The resjiilt is ihown 



U '8 llSilN 



0.0 
3.8 
64.7 
7.8 
64.4 
76.3 
49.6 
i 70.7 
I 18.5 

i 

I 7.2 



Ji : 
J . 

!* 
•I 

7 

V 



2-KGA produced 
(mg^l) 



O.j) 
27.j7 

t 

not dlone 

i 
I 

not done 

^\ 

19.^ 
117.i8 

I 

124.i0 

1 

170.7 



I 



]|xil^iple 3| 



C or 2-KGA f^om L- 



in 



sbfbo5on€ 



T 



Tiafele 5 



Table 5.; 



s : 
i : 
^ : 



Effect of tamperaturd on tpe prpc action iof vitamin 'G or 2-KGA from L- 



by the! enzyme 



i lK£j889 l^O|cilcl.dO!l03S:iIA HjH lV\\\miMr^ 



Temperature 



2C 
25 
3C 
3£ 
4C 
5C 
6( 



£2 -S . 



V^ajnin C produced 
i(mg/l) 



'16- 



I 9|:21 !iinf'-9 }!8zssueib3 

1 

!! 



i; 187.4 
! 218.8 



I. 



190.7 



196.4; 

■I 176.^ 
i: 138.o| 



47,3i 



IK^889 im 



cfld dO 



s ■ 



2-KGA produced 
(mg^) 



[ \ 



j 



1: 



■i : 



i! 



3 



H 5 



504 

i 

53.5 
48.1 

I 

I 

40.^ 

r 

37.3 

I 

32.8 
4.3 
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1. A purified aldehy 



chemical pro 



erties: 



a) MOjlecular weight 

hoijnologous i ubuhits hav 
Dal or 

moHecular weight : 150>00i) i 



b) . Substrate spe::ificil:y: active! on aljdehyde comjpounds, 



c) Co 



d) Optimum pHf 6,5 fo 8.0 ( 
sorbosone) oit . | 
optimum pH: aboikt 9,0 



91:21 i^nfl^g ^ j 8ZssuBi)ii«3 

h i 



;.17- 



e dehydrogeinase having the foUowixig physico 



100,00Q ± 10,doO Da (conhsting of two 

n'g a molecular weight of 55,000 ± 2,000 



homologous i ubur its hav ng a mjolecular weight of 55>000i ± 2,000 



actor; pyrjroloq uino|ir e ^quinpne 



I 



fo'r the 



acia from L-sorb'osone) 
e) InHibitors: C^>^*,;Cfu^', pe 



2. The aldel lyde dehydn^gen^e acco fd 
100,000 ± I0,060 Da. 



3. The aldehyde dehydrcjigeniasle accopd 
150,000 ± 15,000 Da. 



(ioir the production jof 2-keto-L-g|cilonic 



0 + 



4. The 
25 microorganism 

aldehyde dehyc rogenase 



3 * 
1 

h 



00 Da (coilsi 



sisting of three 



I 



production] of vitamin Cifrom L 



11 



Ni 



24 



, Zn ^, and|monoiodoacetate. 



i I ■ : 

to claim 1, which ]^as a molecular \|^ei^t of 



lip to cla im 1, which ]|^s a molecular vreight of 



1 

i; 



aldehyde dehydrogenase according to cl4im 1, which ijsi derived from a; 
; } " i 

belonging tb the genus G^conobacf 



'er which is capable of producmg said 



did dO[;i33S II A rjH 
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15 



20 



Gluconobacter oxydans having the ^cientii|yi 
oxydan$ DSM h o, 4025 (FE] IM B?-3812j)> 



6* The aldehVde dehydrolgena^e acco^di^^ to daim 5, wherein the microorganism is 
Gluconobacter dxydans DSM} No: (BElpl BP-3p2), a subcujlture or mutant i hereof. 



7, A process 



mo 



j 9l:Zl l^nl'S nazssue^bg 



- 18- 



I 



5. The aldehjyde dehydrdgeixase accoif di ng to claim 4, whereii^j the microorganjism is 



for produci][)g a^ ^dehyfie 
100,00C 



chemical properties: 

a) Molecular weight: 



ecular weight : 



b) 

c) 



Dak 

Substrate specificity; acH^ 



Jig characteristics of tile strain Gluconobacter 
\ Subculture or mutant thereo£ 



± 10,000 Da (con^sting of two 
hoi^ologous dubiiriits h^v^ng a m:>lecular we|[ght of 55,000 
Da) or 



6.5. to 8.0 ( 



Opjtimum pH 
sorbosone) or 
optimum pH: 
acia from L-sorboi»One) 



about 9.0 



e) Inhibitors: CiJi^^lQu 



Fe 



r 



dehydrogenase having' the foQowing physico- 



± 2»000 



150,{j0i) ± 15,000 Da (coijsisting of thrfe 



hoipologous ^ubur its h^v n'g a mblecular weight of 55,000: ± 2,000 

' ' \ li i 

: j; ' 

e on aldehyde con^pounds, 
Cofactor: pyrroloquinoljixije 'quinone> j • 



I 1 « 

or the i>roductionj of vitamin C Ifrom L- 



■ I ■ 1 

(ro]r the production (of 2-keto-L-gUlonic 



^% Ni^^, Zn^^ and|monoiodoac€Ute, 



which comprisijs cultivating a miaroorgani sm beloajiging to the gpus Gluconobacter, which 
is capable of producing the ^Ideh^de dehydrogenase having the ^bove properties,; in an 
25 aqueous nutriei it medium i ndeir ^erobii: c Diiditionjs, disrupting |:he cells of the | 

microorgamsn:|, and isolatii;ig an(^ purif^ti g the aldehyde dehyd:i^ogenase from the cell-free 



extract of the disrupted celli of thfe micrporganismJ 
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8. The process accordinj to claim 7, wh erein the microorganism is Gluconobacrer 
oxydans microorganism having tHs iden if^irig chai;acteristics of ihe strain Gluconobacter 
oxydans DSMi^ o. 4025 (FEHMB1>-381^), i pbcul^ure or mutatit thereof, ; 



9. The proc< :ss according ; to tU ira 8> ei?ein thf microorganlsfm is Gluconobacter 
oxydans DSM ^^o. 4025 (FE]1M B]j»-381^), i subculture or mutarit thereof, i 
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10. The process according; to amy one of jdaims 7 to 9, whereinjthe reaction is carried out 
at pH values of about 5,5 to^.O ar^ d at a feijnperatuife range fromjibout 20 to 50^€ for both 
10 vitamin C prod|;iction and 2j-ketp-|L-gul6nj(c acid pijoduction. > : 



for producing a cirboxyiic 



11. The process according to arty one ^f d^ims 7 to 9> wherein Ithe reaction is carried out 
at pH values of about 6.5 tojS.O for vitamirj production and of ja pH of about 9^0 for 2- 
keto-Lrgulonic jacid production; and at 
1 5 the production^. 



t^niperatiire range fironll 20 to 40°C for poth of 

' ! ■ i: 



apid and/or its lactonjb from its corresponding 



aldose which cc mprises contacting the a|[d<;hyde wi :h the purifie^.aldehyde dehy<i.rogenase 
having the following physic^-cheijnical pVote^rties: 



a) Molecular weight:. 



Aid 



logons subiinits h4v 



hoi^ologous 5 
Da 



b) 
c) 
d) 



Substrate specific! :y: acH^ e on aldehyde con)ijpounds» 



Cofactor: pyrxoldq 



Optimum pH 
sorbosone) or 
optimum pH 



100>0pq ± 10,000 Da (consisting of twoi 



ho 

Daj or 

mo'jecular we]^ghf : 150,00|) ± 15,000 Da (consisting of three 



ubuhits hav 



rig a mjolecular weight of 55>000 



± 2,000 



n'g a molecular welight of 55,000! ± 2,000 

'1 i i; 



uinoljiwe'iquindne. 



6.5 to 8.0 
about 9,0 
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or the t>roductiont of vitamin C 'from L- 



(^or the i>rod.uctioni6f 2-keto-L-gulonic 
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which is capable 
5 the presence of electron ^cceptir. 



13. The process accordingj to claim 12, w lerein the microorganism is Gluconohacter 
oxydans microorganism having thfe ident|if>irig chatkcteristics of Ihe strain Gluconohacter 
oxydans DSM ^ o, 4025 (FERM B:^-3812|), ;i subculture or mutant thereof. 



14» The procdss according to daim 13,j wjherein the microotgai^ism is GluconoV^cter 
oxydans DSM ^ 4025 (FEllM ; \ iubcultlure or mutan): thereof. 



15. The prow ss of daim wb^rein 



15 keto-L-gulonic 
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acid, from L-sprbbslone) J 

j I 

e) Inhibitors: C6^*> Qn^^> tM'^, Ni^^v Zn^*. awdWonoiodoacetate, 

i: ! ill i' ■ ! 

or cell-free extract prepared -from fi micrpo rganism belonging to the genus Glucohobacter 



of producii^g the jaldeh)" dehydrogenase having the above pro||erties in 

w 



1 

icid and thelaldos6 is L-sprposone, 



1 6. The proc« ss of claim lj2, wherein the bil dehyde ddiydrogenaipe has a molecu^r weight 
of 100,000 ± 10,000 Da. : i | \\ 

I 

V 

< 20 17. The proc£ ss of daim 1 2, whi trein tlie d^hydro ;enase has a it^olecular weight of 
ISO.OOO ± 15,0010 Da. i < i i J ! 
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lactone is vitamin C, tjbie carboxylic aci[d is 2- 



18, The proce ss according to any one of ;laims 12 to 17» wherein the reaction i4 carried 
put at pH values of about 5J5 to 9.0 and at i temperature range fijom 20 to 50**C f^x both 

25 vitamin C production and 2'r]keto-L-gulonic acid production. ] ! j 
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19. The procdss according to any one ^if daims 12 to 17, wherein the reaction i^ carried 
out at pH value ; of about 6 , 5 to 8.D for ^4ta min C production an|l! of about 9.0 foj: 2-keto» 
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figure 11 SDS-PAGE analysi 



kDa 



Is of tne purified SNTDH II. 
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Abstract 



I :i I \i j 

The present inventionj concerns a lioyel aldehjrde dehydrogenase having th^ 

following physico-chemical properties: ^ nr okcularl weight of 100,000 ± 10,000 Dja which 

comprises two lyomologous isuhur its or ^ r loleculai* weight of 150,000 ± 15,000 Da which 

comprises three homologous subi nits, eac \ subunit having a mqliecular weight ojf 55,000 ± 

2>000 Da; dehyarogenase activity on L-scprbosone, D-glucosone, D-glucose and Dj-xylose; 

Utilizes as cofacfcor pyrroloqT;iinoli|xe quinone; has an optimum pH of from 6.5 toi8-0 for 

the production of vitamin U and an opti)nfnirii pH of about 9,0 fot the productiori of 2- 



keto-L-gulonic 



acid from L- sorbo Jones a nc L is inhibited by Co^ *', ^Ca^***, Pe^^ Ni 

10 and monoiodo* icetate, is dei ived iSfom a 'm[croorga<iism belonging to the genus 

r__^_„ I ! != ! r 



Gluconobacter. 
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